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Motivations for studying hyperbolics

Very scarce literature: no textbook ! 
       Studied e.g. in [García-Bellido et al. 1711.09702 / 2307.00915, De Vittori et al. 1207.5359]
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GWs on hyperbolas
Bunch of parameters but 3 D.o.F.!

Q°: How to cleverly pick them?
GWs
at ⍵

µ
GW detector fixes frequency

⇒ 2 remaining D.o.F.
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Aside: frequency of aperiodic signal

[García-Bellido et al. 1711.09702]: equivalent!

Geometrical definition

r 𝝋

And even:

⇒ Pseudo Kepler law!

Fourier definition
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GWs on hyperbolas
Bunch of parameters but 3 D.o.F. !

Q°: How to cleverly pick them ?

Based on [García-Bellido et al. 1711.09702]:

Goals :    -     Probe 2D parameter space with M and e
- Best possible hGW for a given detector ? on which trajectory ?
- How far can we detect such events ?

µ
frequency → fixed by detector

mass → constrained by physics

eccentricity → easier computations

GWs
at ⍵

observer distance

(equal mass BHs)
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Parameter space for hyperbolas
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Haloscopes:  f ~ a few GHz, quality factor Q~f/𝜟f ~105
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Haloscopes signal-to-noise ratio (SNR)

[c.f. Killian’s talk]:  Event duration must be 
carefully assessed for proper sensitivity reckoning

Very short signals:

Time spent within bandwidth:
(newly derived for hyperbolas)

Taking best scenario                             :

horribly small!
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Summary
Take-away message:

Great strain can be generated on unbounded and highly eccentric orbits
 (comparable to inspirals!)

Counter-intuitive behavior at fixed frequency:
best scenario is a parabola yet strain grows with e !

Clarified situation on 
hyperbolic trajectories:

Major drawback: signal-to-noise ratios for high-frequency detectors are terrible
Signal lasts way too short at these frequencies

Reusable results 
for others!
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Fiducial values at LVK frequencies
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Removing divergences in formulae
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More on the physical constraints 
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+ and ⨉ polariza° & linear memory effect

[Favata 1003.3486]
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General suboptimal strain
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[OLD] Maximization under constraints
Constraint 1:

fixed ⍵max

rmin > RS = 2GM/c² vmax < c

GW

vmax / rmin = 
const.

Constraint 2:
no merger

Constraint 3:
do not exceed c

⇒ 2D parameter space with boundaries ; spanned with M and e


